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INTRODUCTION 


Her-2  is  the  signaling  transduction  subunit  of  the  Neu  differentiation  factor  receptor  (NDFR) 
which  is  comprised  of  Her-2  and  either  Her-3  or  Her-4,  two  additional  members  of  the  EGFR 
family  which  are  capable  of  binding  NDF  but  are  not  capable  of  signaling  (1).  In  carcinomas  of 
the  breast,  ovary,  colon  and  prostate,  Her-2  and  other  components  of  the  NDFR  signaling 
cascade  can  be  highly  overexpressed,  leading  to  dysregulated  cell  proliferation  (2,3)  and 
increased  metastasis  (4,5).  Indeed,  patients  with  Her-2  overexpressing  tumors  have  the  poorest 
prognosis  (4,6,7).  Antibody-mediated  immunotherapy  is  emerging  as  a  powerful  tool  to 
augment  the  effects  of  conventional  therapy  (8-10).  Indeed,  the  first  MAb  for  cancer  therapy 
was  approved  by  the  FDA  in  July  1997.  Until  recently,  it  was  assumed  that  most  antibodies 
worked  by  virtue  of  their  effector  function,  i.e.,  ability  to  fix  complement  or  recruit  cytoplasmic 
effector  cells  (11-14).  Based  on  the  work  which  we  began  several  years  ago  on  lymphoma  and 
have  since  extended  to  breast  and  prostate  cancer,  it  is  becoming  clear  that  the  most  effective 
MAbs  usually  signal  growth  arrest  or  apoptosis  in  tumor  cells  (15-17).  Importantly,  negative 
signaling  is  related  to  hypercrosslinking,  since  in  our  studies  with  human  lymphoma  and  breast 
carcinoma,  we  have  discovered  that  MAbs  which  induce  greater  crosslinking  have  more 
inhibitory  activity  (15,17).  This  has  changed  the  way  we  and  others  screen  MAbs  for  clinical 
use.  As  a  result,  we  have  generated  homodimers  of  our  MAbs  and  have  found  that  their  anti¬ 
proliferative  activity  on  their  specific  target  cells  in  vitro  is  profoundly  increased  (18). 
Furthermore,  some  nonsignaling  MAbs  can  be  converted  to  signaling  MAbs  following 
homodimerization  .  This  is  a  novel  and  important  finding  for  the  MAb  field  which  has 
significant  clinical  implications.  The  aim  of  this  proposal  was  to  determine  whether  IgG 
homodimers,  or  F(ab’)2  fragments  of  homodimers,  of  our  highest  affinity  a-Her  2  monoclonal 
antibodies  (MAbs)  alone,  or  in  combination,  would  make  potent  anti-tumor  agents  in  SCID  mice 
engrafted  with  Her-2+  human  prostate  cancer  cell  lines. 

BODY: 

Task  1:  To  prepare  and  test  homodimers  in  vitro  (grow  up,  purify,  prepare  homodimers  and 
F(ab’)  2  monomers  and  homodimers,  determine  KA,  KD,  structure  and  signaling  on  three  cell 
lines. 

Results:  The  affinity  of  our  panel  of  a-HER-2  MAbs  were  determined  by  Scatchard  analysis 
using  BT474  cells,  and  the  eleven  with  the  best  affinity,  with  Kds  in  the  range  of  10'8  to  10'10  M, 
are  shown  in  Table  1.  This  panel  of  MAbs  were  shown  to  recognize  eight  non-crossblocking 
epitopes  of  HER-2. 
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Table  1.  Characteristics  of  the  Selected  Panel  of  anti-HER-2  MAbs 


Non-cross  blocking  epitope 
recognized  on  the  HER-2 
molecule1 

Anti-HER-2  MAb 
designation2 

Affinity 
(X  lO’M)1 

A 

50 

0.2 

A 

158 

6.7 

B 

66 

0.1 

C 

70 

2 

D 

80 

1 

E 

81 

0.1 

E 

112 

3.3 

E 

143 

10 

F 

156 

6.7 

G 

164 

0.1 

H 

157 

3.3 

’Group  designations  randomly  assigned  as  A-H. 

2A11  are  IgGls,  except  HER156  which  is  an  IgG2A. 

3As  determined  by  Scatchard  analysis  using  BT474  cells. 

Task  2:  To  characterize  SCID/Xenograft  model  with  respect  to  the  best  tumor  to  use,  the  route 
of  administration,  the  growth  pattern,  metastases,  PCR  detection,  endpoints  etc. 

Results:  No  progress  has  been  made  in  this  aim. 

Task  3:  To  carry  out  all  single  and  “cocktail”  testing  of  homodimers  and  monomers  on  the 
prostate  cell  lines  in  vitro. 

Results:  Experimental  results  using  three  different  a-Her-2  monomers  and  their  respective 
dimers  clearly  showed  that,  in  all  cases,  the  dimers  were  much  more  effective  inhibitors  of 
proliferation  at  the  concentrations  tested  (Figure  1),  with  IC50S  of  20  pg/mL  for  either  Her50  or 
HER66  dimers  and  40  pg/mL  for  HER70  dimer. 


0  20  40  60  80  100  120 
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HER50  Mab 
-O'*  HERS6  Mab 
— r-  HcR70  Mab 
—V"  Control  Mab 
HER50  dimer 
— Q-KER66  dimer 
“4*  *  HSR7Q  dimer 
— O—  Control  dimer 


Concentration  (ug/ml) 


Figure  1.  The  effect  of  different  MAbs 
monomers  or  dimers  on  [3H]thymidine 
incorporation  in  LNCap  cells,  as 
described  (19).  Briefly,  5x1 04  cells/well 
were  treated  for  24  hours  with  varying 
concentrations  of  antibody  then  pulsed 
with  1  pCi  [3H]thymidine  for  4  hours. 
Wells  were  harvested  and  the 
radioactivity  retained  in  the  cells 
counted  and  compared  with  untreated 
cell  uptake  (100%). 
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Task  4:  To  determine  the  biodistribution  and  pharmacokinetics  of  our  best  monomers/dimers  of 
IgG  and  F(ab’)  2  in  SCID  and  SCID/Xenografted  mice 


Results:  One  of  the  HER-2  monomers,  HER66,  was  injected  into  SCID  mice  and  its 
biodistribution  evaluated.  As  shown  in  Figure  2,  there  is  considerable  accumulation  of  material 
in  the  subcutaneous  tumors.  The  testing  of  the  other  two  anti-HER-2  antibodies  is  in  progress. 


Biodistribution  of 126 1  Her  66  in  normal  SCID  mice 


serum  liver  splefn  kidney  lung 


Biodistribution  of 125 1  Her  66  in  tumor  bearing  mice 
(s.c.  tumor  size  in  the  1 30  mm3  range) 


JF3  74  h  B48  h  D72  h  L 


s.c.  tumor  serum  liver  spletn  kidney  lung 


Figure  2.  Biodistribution  of  125I  HER66  in 
A)  normal  SCID  mice,  and  B)  SCID  mice 
with  130  mm3  subcutaneous  tumors. 
Radiolabeled  a-Her2  MAb  (HER66)  was 
injected  i.p.  into  2  groups  of  3  mice.  Mice 
were  sacrificed  at  24,  48,  and  72  hours. 
Perfused  organs  were  weighed.  The 
radioactivity  of  each  organ  as  well  as  tumor 
and  blood  were  measured.  Results  are 
expressed  as  %  of  injected  dose  per  gram 
of  tissue  (%ID/g). 


Task  5:  To  set  up  in  vivo  therapy  experiments.  The  precise  dose  regimens  will  be 
selected  based  on  biodistribution  and  pharmacokinetics 

Results:  Tasks  4  and  5  could  not  be  completed  being  dependent  on  Task  2. 

Task  6:  cDNA  cloning  of  the  best  hybridomas 

Results  :  The  variable  domains  of  the  heavy  and  light  chains  of  six  of  the  candidate  anti- 
HER-2  antibodies  (50,  66,  80,  81, 157,  and  164)  were  PCR-amplified  using  a  small  set  of 
primers  specific  for  the  leader  sequence  and  the  constant  domain  (these  primers  were 
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chosen  to  eliminate  the  possibility  that  slightly  non-homologous  variable  domain  PCR 
primers  would  alter  the  sequence).  Only  nine  of  these  amplifications  were  successful, 

5  OH,  50L,  66H,  66L,  80L,  81H,  157H,  157L,  164L,  and  of  these,  only  four  were  cloned 
and  sequenced  to  date,  50H,  50L,  66H,  and  66L. 

Task  7:  Express  appropriate  multivalent  Fv  constructs  of  cDNAs  in  E  coli.  Check 
physicochemical  properties  of  recombinant  proteins. 

Results:  One  of  these  constructs,  which  has  an  extra  cysteine  residue  incorporated  near 
the  C-terminus  of  the  heavy  chain  for  disulfide  bond  formation  of  an  antibody 
homodimer,  has  been  successfully  expressed  in  quantities  sufficient  to  be  converted  into 
dimers  using  treatment  with  Elman’s  reagent.  Characterization  of  this  dimer,  including 
avidity,  specificity,  and  signaling  properties  will  be  evaluated  and  compared  to  the 
monomeric  chimeric  form.  Two  other  chimeric  constructs  were  described,  one  in  which 
a  cysteine  residue  was  placed  at  the  penultimate  position  of  a  17-mer  peptide  at  the  C- 
terminal  end  of  the  heavy  chain  to  facilitate  homodimer  formation,  the  other  with  an  scFv 
of  the  same  specificity  genetically  grafted  onto  the  C-terminal  of  the  heavy  chain  to 
generate  a  tetravalent  construct.  Both  of  these  constructs  have  been  successfully 
engineered,  however,  the  yields  from  non-secreting  mouse  myeloma  cell  lines  transfected 
by  electroporation  were  never  adequate  for  any  characterization.  Alternate  transfection 
methods  are  being  investigated  that  have  since  proven  superior  in  our  lab,  including 
lipofection. 

KEY  RESEARCH  ACCOMPLISHMENTS: 


•  The  panel  of  anti-HER-2  MAbs  was  evaluated  for  binding  affinity  to  HER-2  and  the 
best  eleven  chosen  for  further  evaluation. 

•  Three  of  the  best  anti-HER-2  MAbs,  HER50,  Her 66  and  HER70,  were  chemically 
dimerized  and  were  shown  to  be  significantly  more  cytotoxic  than  their 
corresponding  monomers. 

•  A  biodistribution  study  using  HER66  showed  that  this  antibody  does  accumulate  in  a 
tumor. 

•  Variable  domain  cloning  of  the  light  and  heavy  chain  of  six  of  the  a-HER-2  MAbs 
has  been  initiated;  two,  HER50  and  HER66  clones  have  been  sequenced  and  await 
insertion  into  the  chimeric,  dimer  expression  vectors. 

•  Three  different  genetic  dimer/multimer  genetic  constructs  have  been  made  and  all 
express  in  transfected  myeloma  cells,  though  two  of  these  in  quantities  that  are  not 
sufficient  for  evaluation. 

REPORTABLE  OUTCOMES:  None 
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CONCLUSIONS: 


We  have  identified  three  anti-HER-2  homodimers  with  antiproliferative  activity  on 
LnCAP  cells  in  vitro.  Because  the  generation  of  chemical  homodimers  is  expensive, 
gives  low  yields  and  several  biproducts,  we  are  in  the  process  of  generating  recombinant 
homodimers  using  three  different  strategies.  One  of  these  constructs  has  expression 
levels  high  enough  to  produce  material  for  further  evaluation.  Six  anti-HER-2  MAbs 
light  and  heavy  chain  variable  domain  regions  are  in  various  stages  of  cloning;  these  will 
be  inserted  into  the  best  recombinant  homodimer  construct  for  expression.  These  genetic 
homodimers  will  be  evaluated  in  vitro  and  in  vivo  using  a  SCID  mouse  xenograft  model. 
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